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Abstract

Airborne Collision Avoidance System (ACAS) is a similar type of secondary radar to survey
and detect the threat aircraft. The ACAS is compatible with the ground Secondary Surveillance
Radar (SSR) and measures the positions of those aircraft equipped with ATC transponder.

It has been well known that the surveillance performance of SSR is being degraded due to
various causes such as garbling in a dense airspace or multipath effects etc. These types of
degradations will arise depending on the specific airspace in which ACAS is operating.

A study was conducted to determine the degradation effect on ACAS performance based on the
flight experiment data obtained in the actual airspace environment in Japan.

One of the degradations experienced was the one related to the range data on which the
abnormal slant range errors of about 1 nautical mile were observed. It was found that the 1 nautical
mile short range error had occurred only for the aircraft located in a relative positions which the
multipath pulses were supposed to have been received with the delay time of 7 to 9 microsecond. It
is analyzed that the cause of jump range error will be the false selection of the reply mode (i.e. mode
A) at the transponder which is considered to have been triggered by the strong multipath echo
reflected from the surface of the sea although the interrogation was made on mode C.

This paper shows the result of the analysis of this interesting phenomena and the calculation

of the degradation effect with some assumptions.
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7 0. 11 0. 74 0. 99

8 0.13 0.79 0. 99

9 0. 15 0. 84 1. 00

10 0. 16 0. 87 1. 00

20 0. 33 0. 99 1. 00

30 0. 46 1. 00 1. 00

40 0. 55 1. 00 1. 00

50 0. 65 1. 00 1. 00

60 0.72 1. 00 1. 00

70 077 1. 00 1. 00

80 0. 82 1. 00 1. 00

90 0. 85 1. 00 1. 00

100 0. 88 1. 00 1. 00

W .S : Whisper/ Shout



a) E— FORBRFLANCREFESREL T
B, BRESEZZELLATC + 5 vRAE VS
ODRERIZL0THS. £/, ACASHMATC
P YRRV EDRBESEIEL ZERRETA
BEH1L.0THb,

b) BEHERICHT 2w F P OBH LOS
FrERTLHY, BEHEOBHEHI/RT 5,
%1, BRATC r 3 vaR &2 T, BRHE
50) vV EEMESH eV FAREE
HHEDORAE DML TH 5.

c¢) MELULBIEILDNT, <V FNADEZ(E
BAHREESTSNSL, FRIERMBILALER
ELTHEKS T EMTEX B,

d) Whisper/Shout 5 XT3 1 HORIEICD
SEHOBMESA2EET LM, CORNOVED
KOHEHDIREESHE SN LA EMSE b,

e) B2 1 HOAFTICEHB T, K LHE it
BATEETROELS—FHLSHHD M5
27 74 vEHBETBREBREINIIEBEE, C
NE LI 977 24 OERTIZHFICANWS
F-AEHICEMTE 5,

£) bS50 27 74 VODEREHEDT L 2ITRE
UL BB LIS DB 5927 740l
BT BATC +3 ARy A6 EdEL TE—
FEBRTEE, TOFI v 7 s ANMREER

hodo £/, IEEHELTE- FEEBLUILES

B9 27 s ANVDERBERINS,

g) BEV-bF—2DEBKIZ, ACAST
VTN XLAHPT v AOEELD, 2EEFELT
I— R PBRELLGEICBENENEINS LD
LB, COEE, MABERRRTENME,

h) MEBRAEWCEIZASECH> 1E LS
KERITT 5,

FAIEP, W AD T AFoNRPIEBE—F
DBEEFHICDVTDETH b0 S 7SI RITDNTIT
FEMOBETERLO00ILTTHY, BHEHTES
ETH->7cdh T TITRRE LWL, T4 DfEI,
Whisper/ Shout O fiHs € — F OB BFRE FD
IHBIED, P I T ANVDBEEERBLIU
BEV— T -2 OEEEETRBEL CHD -
WETEHELLAERLTNE, RIDEHIKE—F
BRROBLIBE LB ERRO T BELL, &
ETFMERRIC OO TRYPEINENERELT
Wi, LhL, BEKEERUBKTERZEhEDE

LEoh—FHhoELWWF— 22 RETE T —
2 FMBELLBORY, 2KELTRELLESR
T2 ENBTEHELELTE TN S,

—H, B9 77 74 VDERORHRIC B
JOEE LI - FOBRBORER (R5) 12,
P/ WAL 2E-FORBBBELBLINE
BARTRIEZ 5 [HfT-» 725 E&THE0%, 10ETH
N%ETH 57D TRICHEINTNE, THIE,
—HOERED L E— FEBALLIBEES %
BFINBECNERNTEINS v 77 74 b3
WMENFENLOTHD, HICEIKTHERRE A
WiGEDE - FOBRBORER BT HICHES
NTHROLSETH b,

CZTHHELLMER, E12EUEELKERT
TOMERICODNTCTHAC L LEELET 5,
ATC b7 YZAB O RERIIEEE T HICE
ENb, HFEEMESEND CERET 52546
oWk, ACAS OBk LMt ) v 2
v—VUBELLETT S, ZOBEE, E—FO
MRS RA LI VA F g 4E A0 BlE
F—aBESARBWIEENEL L L), BIRD
Fo 2R ETRRELRADCLIITER L,
DOEE, HROfIoXHiICE— FORBMREL
BAUBERROBTARIIFE 250, ACAS [
BIERARET DEERICIL 240 5720, [
BB —REHER T 2 RetE b 5. HICHTK
PEEEN» SR T 2 58I BK LD
DOoBEDENT -2 4528 ENTEE0, &
HoWEHEE AL BT 5,

PlE& b, Whisper/Shout ® Rz €— ¥
RRBILK BT -2 OREARDLIE, P57
7 A VOHFBEPHFROMBHEEDFEHKEN L
RBH DI EbrE, E— FOBRIFICLDIE
P w2 7 ANDERITTAESCEBTEE
WETRAIZN S, ACASHBEODIEAB NSy
77 s ANVBICRBBSNIEIRERTHVEEZ S
N, BAREATIIFEUNMLRICI0EL ED
MEBBRAEINEICLERIATH S, EARAC
ASIEIOBLUULD T v 2 7 s A VEMRBTES
foh, BICHBEICRIE SN E FRITE %,

12720, AEfT - HHERNW L 2r0%BD0
ETORRTHD, LOD—RHUTBEICOVTR
MERICER I N EPROBIEPZEE 2
HEEZERUBICHEMUBRIBLETDH S,



5 F&0

MEBEEYILEEACAS ORITERICE L
T, HIBFEDOMNBEKRICD 2 EHDL S DIBE
BEEDOHAEEBILHORSERONEESEN
INMEHEBCRHIET 254888 I Wi, B
BEOZEREFT— s PHALRBOKES X
VZOBRRORARANLOELZT, ACASODE
RESEZDeNFNRAPAZELILATC +3
VARV EWERESE- FRRALLT EME
ODRRELHEEIND,

AEOBEEIZ, ACASBERTINBEAMEF
— R RBEELBOAREIRDE, TDIY, E—
FORBORED, ACAS OEBIEROREL
BoHIEZORANLZETIRITENTHIESN
5, UL, ANOEREBEL IR, ERAN
ACASIBLTREBEOREHENESEIN
Thb, MEOHR, »—7rEO0BMTER
X+ 5 Whisper/Shout BRI HR € — FRRD
BEARFTAICENbh o1, $12, BrTy
JOBREZ AP EMBTERNETHEINS
B, ACASHBIDIKRZIB L5 v 27 74 VBT
KBMBINETEILVEELISNRD,

W

ARFEICTHAT IO E LA-BREAICHKSHS
LEdgd, HICHRERERKRAUAFOLANS
EH»SATC b5 YREVEDEEICODNTEHR
BHMEL N5 F Lz,

&R

1) ICAO
tions ANNEX 10"

22 RTCA
formancem Standards for Traffic Alert
and Collision Avoidance System (TCAS)

198349 A

"Aeronautical Telecommunica-
1987 %3 A
” Minimum Operational Per-

Airborne Equipmsnt vol—1",
(198842 BOWETE T)

3) AN, fEH M€—-FCOBC AS OMITER
DWW T] BEFMEHTANERESEBHETE
RAFI584F 5 H

4) HEBERHERSH, fZREME M#Ef55
FEHENHILEERERATRSEMBE] HR

564 2 B

6) /NEER, BH, BN [HEsmEE b B~
OREBHEONE ] EFMENERFERES
HBEEE FRROTES A

(8) A.R.Paradis "L— Band Air-to-Air
Multipath Measurements”, AD— A 045941,
197749 A

(7 E.J. Koenke, S. Boczenowski” The
Effect of Whisper/Shout on Active BC
AS Performance”, FAA-—EM-80-5,
19804 6 A

(8) N. A. Spencer, P. M. Ebert, L. T. Moses
" Assesment of the Performance of an
Active ATCRBS Mode for Beacon
Collision Avoidance”, AD-A 047670,
1977 %1048

(9) K.J. Keeping, J.C. Sreau”
Model Pattern Measuremants of Aircraft
L— Band Beacon Antennas”,
AD—-A010479, 197344 A

{10 Michael C. Steavens” Secondary Sur -
veillance Rader”, pp 201 — 202, Artech

1988 4

Scale

House,





